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Fig.2 
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Fig.5 ( Prior art ) 

O VTT 

O VREF 



US 2007/0126408 A1 

POWER SUPPLY DEVICE AND ELECTRONIC 
EQUIPMENT COMPRISING SAME 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to a push-pull type 
power supply device suitable for a high-speed memory 
device and to electronic equipment Which comprises the 
poWer supply device and Which employs the output of the 
poWer supply device as a poWer supply for termination. 

[0003] 2. Description of the Related Art 

[0004] In recent years, the development of memory 
devices With increased data transfer speeds has been actively 
pursued in accordance With the higher functionality of 
electronic equipments. Among such memory devices, as 
memory devices that raise the data transfer speed of syn 
chronous DRAM (SDRAM) that runs in sync With a clock 
signal, DDR (Double Data Rate) synchronous DRAM 
(DDR-SDRAM), Which synchronizes data transfer With 
both the leading and trailing edges of the clock signal, has 
been put to practical use. 

[0005] Further, for the purpose of this high-speed data 
transfer, DDR-SDRAM adopts a high-speed, small-ampli 
tude interface that employs a poWer supply voltage for 
termination and a reference voltage (Patent Document 1, for 
example). FIG. 4 is a partial circuit diagram of electronic 
equipment showing the constitution of the interface. This 
electronic equipment 49 comprises a controller 51 consti 
tuting a microcomputer, for example, a DDR-SDRAM 52, 
and a poWer supply device for termination 50 for outputting 
a poWer supply voltage for termination (V TT). The control 
ler 51 and DDR-SDRAM 52 are connected by a signal line 
via an interface resistor 53 and the signal line and the poWer 
supply for termination (VTT) of the poWer supply device for 
termination 50 are connected via an interface resistor 54 at 
an interconnection point N1 on the side of the DDR 
SDRAM 52 of the interface resistor 53. 

[0006] In this example, the system poWer supply (VDD) 
of the controller 51 and DDR-SDRAM 52 is 2.5V, the poWer 
supply voltage for termination (V TT) and reference voltage 
(VREF) are 1.25V, and the resistance values of the interface 
resistors 53 and 54 are equal. The output circuit 61 of the 
controller 51 is constituted in the CMOS format and outputs 
2.5V as the high level and OV as the loW level. The voltages 
of the high and loW levels are divided by interface resistors 
53 and 54 and are each afforded a small amplitude to become 
1.875V and 0.625V respectively at interconnection point 
N1. These small-amplitude signals are inputted to the non 
inversion input terminal of an input signal differential ampli 
?er 62 of the DDR-SDRAM 52 and, by means of a com 
parison With the 1.25V of the reference voltage (V REF) that 
is inputted to the inversion input terminal, are judged at high 
speed to be high level or loW level signals. 

1. Field of the Invention 

[0007] Therefore, in order to implement an interface for 
affording signals a small amplitude at such a high speed, the 
poWer supply device for termination 50 for outputting the 
poWer supply voltage for termination (VTT) and reference 
voltage (VREF) is required. A conventional poWer supply 
device that is used as the poWer supply device for termina 
tion 50 is shoWn in FIG. 5. This poWer supply device 101 is 
the so-called push-pull type and outputs the poWer supply 
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voltage for termination (V TT) from the poWer supply volt 
age output terminal for termination (VTT output terminal) 
and the reference voltage (V REF) from a reference voltage 
output terminal (VREF output terminal). 

[0008] The poWer supply device 101 is constituted by a 
reference voltage generation circuit 106 that generates the 
reference voltage (V REF) by dividing the voltage of the 
system poWer supply (V DD) by means of the resistors 117 
and 118 and outputs the reference voltage (VREF) via a 
buffer ampli?er 115, a PMOS-type transistor 111, Which is 
connected to the VTT output terminal, and an NMOS-type 
transistor 112, and a differential ampli?er 113 that controls 
the PMOS-type transistor 111 and NMOS-type transistor 
112 as a result of the poWer supply voltage for termination 
(V TT) being inputted to the differential ampli?er 113 as 
feedback and by comparing the poWer supply voltage for 
termination (V TT) With the reference voltage (VREF). Fur 
ther, the resistors 117 and 118 have equal resistance values. 

[0009] The reference voltage generation circuit 106 gen 
erates 1.25V as the reference voltage (VREF) as a result of 
the division by resistors 117 and 118 of the system poWer 
supply, that is, the input poWer supply (V DD), Which is 2.5V. 
Further, a feedback loop comprising the differential ampli 
?er 113, PMOS-type transistor 111, and NMOS-type tran 
sistor 112 is created so that the poWer supply voltage for 
termination (V TT) matches the reference voltage (VREF). 

[0010] Patent Document 1: Japanese Patent Application 
Laid Open No. 2001-195884 

[0011] Thus, the poWer supply device 101 is able to output 
the poWer supply voltage for termination (V TT) and the 
reference voltage (V REF). These voltages are intermediate 
voltages substantially in the middle of the voltage of the 
input supply (V DD) and ground potential. Because the 
PMOS-type transistor 111 and NMOS-type transistor 112 
are both ON, the short-circuit current ?oWing through these 
transistors is large and, as a result, the poWer consumption 
of the poWer supply device 101 is large. 

[0012] Further, in order that an adequate current should be 
supplied in the case of a heavy load and in order to achieve 
a rapid transient response When the load ?uctuates, the 
current drive performance of the PMOS-type transistor 111 
must be increased. HoWever, the maximum current perfor 
mance of the PMOS-type transistor 111 occurs When the 
gate voltage of the PMOS-type transistor 111 is ground 
potential and is therefore limited. 

SUMMARY OF THE INVENTION 

[0013] The present invention Was conceived in vieW of the 
above situation and an object of the present invention is to 
provide a poWer supply device that permits reduced poWer 
consumption in addition to being capable of supplying an 
adequate current in the case of a heavy load and of achieving 
a rapid transient response When the load ?uctuates, and an 
electronic equipment capable of achieving a higher perfor 
mance by using the poWer supply device. 

[0014] In order to solve the above problem, the poWer 
supply device of the present invention is a poWer supply 
device that outputs an output supply voltage from an output 
terminal, comprising: a reference voltage generation circuit 
for generating a reference voltage; a ?rst NMOS-type tran 
sistor, the drain of Which is connected to an input poWer 
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supply that supplies power to the output terminal, and the 
source of Which is connected to the output terminal; a second 
NMOS-type transistor, the drain of Which is connected to the 
output terminal, and the source of Which is connected to 
ground potential; and ?rst and second differential ampli?er 
circuits to Which the output supply voltage is inputted as 
feedback and Which control the ?rst and second NMOS-type 
transistors by comparing the output supply voltage With the 
reference voltage inputted by the reference voltage genera 
tion circuit, Wherein the ?rst and second differential ampli 
?er circuits provide an input offset voltage betWeen the 
inputted reference voltage and the inputted output supply 
voltage in order to provide the output supply voltage With a 
voltage range in Which the ?rst and second NMOS-type 
transistors are both OFF. 

[0015] A further poWer supply device of the present inven 
tion is a poWer supply device that outputs an output supply 
voltage from an output terminal, comprising: a reference 
voltage generation circuit that generates an upper reference 
voltage and a loWer reference voltage; a ?rst NMOS-type 
transistor, the drain of Which is connected to an input poWer 
supply that supplies poWer to the output terminal, and the 
source of Which is connected to the output terminal; a second 
NMOS-type transistor, the drain of Which is connected to the 
output terminal, and the source of Which is connected to 
ground potential; a ?rst differential ampli?er circuit to Which 
the output supply voltage is inputted as feedback and Which 
controls the ?rst NMOS-type transistor by comparing the 
output supply voltage With the loWer reference voltage; and 
a second differential ampli?er circuit to Which the output 
supply voltage is inputted as feedback and Which controls 
the second NMOS-type transistor by comparing the output 
supply voltage With the upper reference voltage, Wherein the 
output supply voltage is provided With a voltage range in 
Which the ?rst and second NMOS-type transistors are both 
OFF. 

[0016] Furthermore, these poWer supply devices are such 
that the input poWer supply of the ?rst differential ampli?er 
circuit can also be made a higher voltage than that of the 
input poWer supply that supplies poWer to the output termi 
nal. 

[0017] The electronic equipment according to the present 
invention is an electronic equipment comprising any of the 
abovementioned poWer supply devices, a memory device, 
and a controller, Wherein the memory device and controller 
are connected by at least one signal line via a ?rst resistor 
and the output terminal of the poWer supply device is 
connected to the memory device side of the signal line via 
a second resistor as a poWer supply for termination. 

[0018] According to the poWer supply device of the 
present invention, because the transistor on the input poWer 
supply side connected to the output terminal is an NMOS 
type transistor, an adequate current can be supplied in the 
case of a heavy load and a rapid transient response can be 
achieved When the load ?uctuates. Further, because an input 
offset voltage is provided betWeen the inputted reference 
voltage and the inputted output supply voltage in the ?rst 
and second differential ampli?er circuits in order to provide 
the output supply voltage With a voltage range in Which the 
?rst and second NMOS-type transistors are both off, a 
short-circuit current is prevented from ?oWing and, as a 
result, loW poWer consumption can be achieved. Further, the 
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electronic equipment of the present invention can implement 
an interface that affords a signal a small amplitude at high 
speed by using this poWer supply device and is able to adapt 
to a high performance. 

[0019] Other features, elements, steps, characteristics and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of preferred 
embodiments of the present invention With reference to the 
attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a circuit diagram of a poWer supply 
device according to an embodiment of the present invention. 

[0021] FIG. 2 is a circuit diagram of an offset voltage 
generation circuit of the poWer supply device thereof. 

[0022] FIG. 3 is a circuit diagram of a poWer supply 
device according to another embodiment of the present 
invention. 

[0023] FIG. 4 is a partial circuit diagram of an electronic 
equipment that constitutes an interface that affords a signal 
a small amplitude at high speed. 

[0024] FIG. 5 is a circuit diagram of a poWer supply 
device of the prior art. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0025] Embodiments of the present invention used in the 
electronic equipment shoWn in FIG. 4 above Will be 
described hereinbeloW With reference to the draWings. FIG. 
1 is a circuit diagram of a poWer supply device 1 constituting 
an embodiment of the present invention. 

[0026] The poWer supply device 1 is the so-called push 
pull type and outputs an output poWer supply voltage, that 
is, the poWer supply voltage for termination (VTT) from a 
poWer supply voltage output terminal for termination (V TT 
output terminal) and a reference voltage (VREF) from a 
reference voltage output terminal (V REF output terminal). 
The poWer supply device 1 comprises a reference voltage 
generation circuit 6 that generates the reference voltage 
(V REF), a ?rst NMOS-type transistor 11 the drain of Which 
is connected to an input poWer supply (VTT_IN) and the 
source of Which is connected to the VTT output terminal, a 
second NMOS-type transistor 12 the drain of Which is 
connected to the VTT output terminal and the source of 
Which is grounded, and ?rst and second differential ampli?er 
circuits 13 and 14 respectively that control the ?rst and 
second NMOS-type transistors 11 and 12 respectively by 
having the poWer supply voltage for termination (VTT) 
inputted thereto as feedback and comparing the poWer 
supply voltage for termination (VTT) With the reference 
voltage (V REF). Therefore, the ?rst differential ampli?er 
circuit 13 and the ?rst NMOS-type transistor 11 form a ?rst 
feedback loop and the second differential ampli?er circuit 14 
and the second NMOS-type transistor 12 form a second 
feedback loop. Further, a stabiliZing capacitor (not shoWn) 
that stabiliZes the poWer supply voltage for termination 
(V TT) is connected to the VTT output terminal. Further, the 
poWer supply device 1 ?exibly adapts to the electronic 
equipment using the poWer supply device 1 and therefore 
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comprises three types of input power supplies (V TT_IN, 
VDDQ, VCC). The speci?c voltages Will be described 
subsequently. 
[0027] The reference voltage generation circuit 6 is con 
stituted by resistors 17 and 18 that generate a reference 
voltage (V REF) by dividing the voltage of the input poWer 
supply (VDDQ) and a buffer ampli?er 15 that outputs the 
reference voltage (VREF). The resistors 17 and 18 have 
equal resistance values. The reference voltage (V REF) is 
outputted from the reference voltage output terminal (VREF 
output terminal) to the outside and outputted to the ?rst 
differential ampli?er circuit 13 and second differential 
ampli?er circuit 14. 

[0028] The ?rst differential ampli?er circuit 13 is consti 
tuted by a ?rst offset voltage generation circuit 21 and a ?rst 
operational ampli?er 23. The ?rst offset voltage generation 
circuit 21 receives inputs of the poWer supply voltage for 
termination (V TT) of the ?rst feedback loop and the refer 
ence voltage (VREF) that is outputted by the reference 
voltage generation circuit 6 and adds relatively an offset 
voltage to the poWer supply voltage for termination (VTT). 
Further, throWer supply voltage for termination (V TT) to 
Which an offset voltage has been added is inputted to the 
inversion input terminal of the ?rst operational ampli?er 23 
and the reference voltage (VREF) is inputted to the non 
inversion input terminal of the ?rst operational ampli?er 23. 
Therefore, the ?rst differential ampli?er circuit 13 outputs an 
intermediate voltage by equalizing the poWer supply voltage 
for termination WTT) to a voltage that is loWer than the 
reference voltage (V REF) to the extent of the offset voltage. 
That is, the ?rst NMOS-type transistor 11 is off When the 
poWer supply voltage for termination (V TT) is at or above 
a voltage that is loWer than the reference voltage (V REF) to 
the extent of the offset voltage. 

[0029] The second differential ampli?er circuit 14 is con 
stituted by a second offset voltage generation circuit 22 and 
a second operational ampli?er 24. The second offset voltage 
generation circuit 22 receives inputs of the poWer supply 
voltage for termination (V TT) of the second feedback loop 
and the reference voltage (V REF) outputted by the reference 
voltage generation circuit 6 and adds relatively an offset 
voltage to the reference voltage (VREF). Further, the refer 
ence voltage (VREF) to Which the offset voltage has been 
added is inputted to the inversion input terminal of the 
second operational ampli?er 24 and the poWer supply volt 
age for termination (VTT) is inputted to the non-inversion 
input terminal of the second operational ampli?er 24. There 
fore, the second differential ampli?er circuit 14 outputs the 
intermediate voltage by equaliZing the poWer supply voltage 
for termination (V TT) to a voltage that is higher than the 
reference voltage (V REF) to the extent of the offset voltage. 
That is, the second NMOS-type transistor 12 is off When the 
poWer supply voltage for termination (V TT) is at or beloW 
a voltage that is higher than the reference voltage (VREF) to 
the extent of the offset voltage. 

[0030] Thus, by adding relatively an offset voltage to the 
fed back poWer supply voltage for termination (VTT) and 
the reference voltage (VREF), the ?rst differential ampli?er 
circuit 13 and second differential ampli?er circuit 14 have an 
input offset voltage and a voltage range in Which the ?rst 
NMOS-type transistor 11 and second NMOS-type transistor 
12 are both OFF is provided for the poWer supply voltage for 
termination (VTT). 
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[0031] Here, the voltage range in Which the ?rst NMOS 
type transistor 11 and second NMOS-type transistor 12 are 
both OFF is established by considering the shift voltage 
from the reference voltage (VREF) that the poWer supply 
voltage for termination (VTT) is alloWed. For example, the 
poWer supply voltage for termination (VTT) is alloWed a 
range of :30 mV With respect to the reference voltage 
(V REF). Further, in this embodiment, the ?rst and second 
NMOS-type transistors are both OFF When the poWer sup 
ply voltage for termination (V TT) is in the :5 mV range With 
respect to the reference voltage (V REF). As a result, the 
offset voltage of the ?rst offset voltage generation circuit 21 
and second offset voltage generation circuit 22 is 5 mV. 

[0032] The voltages of the respective parts of the poWer 
supply device 1 Will be described next. In this embodiment, 
the input poWer supply (VCC) of the ?rst differential ampli 
?er circuit 13, second differential ampli?er circuit 14, and 
buffer ampli?er 15 is set at 5V, and the input poWer supply 
(V TT_IN) of the ?rst NMOS-type transistor 11 and the input 
poWer supply (VDDQ) inputted to the resistors 17 and 18 are 
stepped doWn from the input poWer supply (VCC) by means 
of a regulator (not shoWn) and established at 2.5V, Which is 
the same as the system poWer supply (V DD) described 
above in FIG. 4. Therefore, the reference voltage (V REF) 
generated by the division of resistors 17 and 18 from the 
voltage 2.5V of the input poWer supply (VDDQ) is 1.25V. 

[0033] Further, When the poWer supply voltage for termi 
nation (V TT) drops beloW 1.25V-5 mV, the ?rst NMOS 
type transistor 11 turns ON as a result of the ?rst feedback 
loop and the poWer supply voltage for termination (V TT) is 
raised. LikeWise, When the poWer supply voltage for termi 
nation (VTT) exceeds l.25V+5 mV, the second NMOS-type 
transistor 12 turns ON as a result of the second feedback 
loop, Whereby the poWer supply voltage for termination 
(V TT) is reduced. Thus, the poWer supply voltage for 
termination (VTT) is maintained substantially in the range 
of 1.25V15 mV. 

[0034] As detailed above, the poWer supply device 1 is 
capable of improving the transient response characteristic 
and so forth by separately optimiZing the ?rst differential 
ampli?er circuit 13 and second differential ampli?er circuit 
14 that separately control the ?rst and second NMOS-type 
transistors. Further, because the ?rst and second NMOS 
type transistors are both turned OFF in a range Where the 
poWer supply voltage for termination (VTT) is ?xed With 
respect to the reference voltage (VREF), When the load 
connected to the VTT output terminal is a no-load or When 
the load ?uctuates, it is possible to prevent a short-circuit 
current from ?oWing from the ?rst NMOS-type transistor to 
the second NMOS-type transistor and loW poWer consump 
tion can be achieved. 

[0035] Furthermore, the ?rst differential ampli?er circuit 
13 and second differential ampli?er circuit 14 establish the 
input poWer supply (VCC) at 5V and, therefore, a maximum 
of 5V can be outputted. Therefore, the gate voltage of the 
?rst NMOS-type transistor 11 and second NMOS-type tran 
sistor 12 can be set higher than the input poWer supply 
(V TT_IN) and the current driving performance of the ?rst 
NMOS-type transistor 11 and second NMOS-type transistor 
12 can also be made high. As a result, an adequate current 
can be supplied even in the case of a heavy load and a rapid 
transient response of the load ?uctuations can be achieved. 
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[0036] Further, the input power supply (V TT_IN) of the 
?rst NMOS-type transistor 11 and the input poWer supply 
(VDDQ) inputted to the resistors 17 and 18 are equal 
voltages in this embodiment, being speci?cally set at 2.5V, 
but may also be different. That is, the current capacity of the 
?rst NMOS-type transistor 11 can be increased by raising 
the voltage of the input poWer supply (VTT_IN). However, 
in this case, another regulator for the input poWer supply 
(VTT_IN) is required and the poWer loss of the ?rst NMOS 
type transistor 11 increases. 

[0037] Thereafter, the speci?c circuit constitutions of the 
?rst offset voltage generation circuit 21 and second offset 
voltage generation circuit 22 are shoWn in FIG. 2. The poWer 
supply BG is a bandgap-type constant voltage source Whose 
voltage is divided by resistors 31 and 32 to generate 5 mV. 
A current (I1) that corresponds With 5 mV then ?oWs to a 
resistor 33. Current (I1) is transmitted by a current mirror 
circuit and ?oWs to a PMOS-type transistor 38 and an 
NMOS-type transistor 39 that are serially connected to the 
tWo ends of a resistor 34 and to a PMOS-type transistor 44 
and an NMOS-type transistor 45 that are serially connected 
to the tWo ends of a resistor 36. Here, the resistors 34 and 36, 
and resistors 35 and 37 (described subsequently) have a 
resistance value R that is equal to that of resistor 33. 

[0038] A constant current source 40 through Which a 
current (I2) ?oWs arranged in parallel to the PMOS-type 
transistor 38 is connected to the interconnection point 
betWeen the resistor 34 and PMOS-type transistor 38, Which 
constitutes a terminal (OUTA—) that makes an output to the 
inversion input terminal of the ?rst operational ampli?er 23. 
The emitter of a PNP-type transistor 42 arranged in parallel 
to the NMOS-type transistor 39 is connected to the inter 
connection point betWeen the resistor 34 and NMOS-type 
transistor 39. Further, the tWo ends of the resistor 35 are 
connected to a constant current source 41 through Which the 
current (I2) ?oWs and the emitter of a PNP-type transistor 43 
respectively. The interconnection point betWeen the resistor 
35 and constant current source 41 is a terminal (OUTA+) 
that makes an output to the non-inversion input terminal of 
the ?rst operational ampli?er 23. In addition, the poWer 
supply voltage for termination (VTT) is inputted to the base 
of the PNP-type transistor 42 and the reference voltage 
(VREF) is inputted to the base of the PNP-type transistor 43. 

[0039] Furthermore, a constant current source 46 through 
Which the current (I2) ?oWs arranged in parallel to the 
PMOS-type transistor 44 is connected to the interconnection 
point betWeen the resistor 36 and the PMOS-type transistor 
44, Which constitutes a terminal (OUTB—) that makes an 
output to the inversion input terminal of the second opera 
tional ampli?er 24. The emitter of a PNP-type transistor 48 
arranged in parallel to the NMOS-type transistor 45 is 
connected to the interconnection point betWeen the resistor 
36 and NMOS-type transistor 45. Further, the tWo ends of 
the resistor 37 are connected to the emitter of a PNP-type 
transistor 49 and a constant current source 47 through Which 
the current (I2) ?oWs. The interconnection point betWeen the 
resistor 37 and the constant current source 47 is a terminal 
(OUTB+) that makes an output to the non-inversion input 
terminal of the second operational ampli?er 24. In addition, 
the reference voltage (VREF) is inputted to the base of the 
PNP-type transistor 48 and the poWer supply voltage for 
termination (V TT) is inputted to the base of the PNP-type 
transistor 49. 
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[0040] When the poWer supply voltage for termination 
(V TT) is inputted to the base of the PNP-type transistor 42, 
the terminal (OUTA—) is at the voltage VTT+Vf+(l1+l2)><R. 
Further, When the reference voltage (V REF) is inputted to 
the base of the PNP-type transistor 43, the terminal 
(OUTA+) is at the voltage VREF+Vf+I2><R. Here, Vf is the 
forWard bias voltage of the transistor. Therefore, the voltage 
difference betWeen the terminal (OUTA—) and terminal 
(OUTA+) is VTT—VREF+I1><R. Hence, as l1><R is 5 mV, the 
offset voltage 5 mV is added relatively to the poWer supply 
voltage for termination (V TT). 
[0041] LikeWise, When the reference voltage (VREF) is 
inputted to the base of the PNP-type transistor 48, the 
terminal (OUTB—) is the voltage VREF+Vf+(I1+I2)><R. 
Further, When the poWer supply voltage for termination 
(V TT) is inputted to the base of the PNP-type transistor 49, 
the terminal (OUTB+) is at the voltage VTT+Vf+I2><R. 
Therefore, the voltage difference betWeen terminals 
(OUTB—) and (OUTB+) is VREF—VTT+I1><R. Hence, the 
offset voltage 5 mV is added relatively to the reference 
voltage (V REF). 
[0042] With such a constitution, an accurate offset voltage 
can be generated by the ?rst offset voltage generation circuit 
21 and second offset voltage generation circuit 22. HoWever, 
as long as the alloWable voltage range (:30 mV) of the 
poWer supply voltage for termination (VTT) is satis?ed, 
further constitutions are also possible. 

[0043] The poWer supply device constituting another 
embodiment of the present invention Will be described next 
based on FIG. 3. In the poWer supply device 2, the ?rst 
operational ampli?er 23 and second operational ampli?er 24 
are ?rst and second differential ampli?er circuits as is 
Without the ?rst offset voltage generation circuit 21 and 
second offset voltage generation circuit 22 of the poWer 
supply device 1 as constituent elements. The reference 
voltage generation circuit 7 generates an upper reference 
voltage and a loWer reference voltage in addition to gener 
ating the reference voltage (VREF). The upper reference 
voltage is inputted to the inversion input terminal of the 
second operational ampli?er 24 and the loWer reference 
voltage is inputted to the non-inversion input terminal of the 
?rst operational ampli?er 23. The poWer supply voltage for 
termination (V TT) is inputted directly to the inversion input 
terminal of the ?rst operational ampli?er 23 and to the 
non-inversion input terminal of the second operational 
ampli?er 24. 
[0044] In the reference voltage generation circuit 7, resis 
tors 25, 26, 27, and 28, Which divide the voltage of the input 
poWer supply (VDDQ), are connected in that order betWeen 
the input poWer supply (V DDQ) and ground potential. 
Further, reference voltage generation circuit 7 outputs the 
voltage at the interconnection point betWeen resistors 26 and 
27 as the reference voltage (V REF) passing through the 
buffer ampli?er 15, the voltage at the interconnection point 
betWeen the resistors 25 and 26 as the upper reference 
voltage, and the voltage at the interconnection point betWeen 
the resistors 27 and 28 as the loWer reference voltage. Here, 
the resistance values are established so that the difference 
betWeen the upper reference voltage and reference voltage 
(V REF) and the difference betWeen the reference voltage 
(V REF) and the loWer reference voltage are both 5 mV. 

[0045] The poWer supply device 2 is capable of outputting 
the poWer supply voltage for termination (VTT) With the 



US 2007/0126408 A1 

voltage range in Which the ?rst NMOS-type transistor 11 
and second NMOS-type transistor 12 are both OFF like the 
poWer supply device 1. Further, the circuit for generating the 
upper reference voltage and the loWer reference voltage of 
the poWer supply device 2 can also have another circuit 
constitution. 

[0046] Further, the poWer supply device 1 (or 2) can be 
used in the electronic equipment 49 that Was described on 
the basis of FIG. 4 in the prior art. That is, the poWer supply 
device 1 (or 2) is employed as the poWer supply device for 
termination 50 in FIG. 4. The controller 51 and DDR 
SDRAM 52 are connected by a signal line via the ?rst 
interface resistor 53. The signal line and the VTT output 
terminal of the poWer supply device 1 (or 2) are connected 
via the second interface resistor 54 at the interconnection 
point N1 of the DDR-SDRAM 52 side of the interface 
resistor 53. In addition, the output of the VREF output 
terminal of the poWer supply device 1 (or 2) is inputted as 
the reference voltage (VREF) of an input signal differential 
ampli?er circuit 62 of the DDR-SDRAM 52. Thus, an 
interface that affords a signal a small amplitude at high speed 
can be implemented for the electronic equipment shoWn in 
FIG. 4. 

[0047] Further, the poWer supply device 1 (or 2) has a 
terminal (VREF terminal) that outputs the reference voltage 
(VREF) to the outside and the output is the reference voltage 
(VREF) of the above-mentioned interface. HoWever, the 
reference voltage of the interface can be outputted from 
another device instead of providing the poWer supply device 
1 (or 2) With the VREF terminal. 

[0048] A poWer supply device that outputs the poWer 
supply voltage for termination (VTT) and electronic equip 
ment that employs this poWer supply device Were described 
hereinabove as an embodiment of the present invention. 
HoWever, the poWer supply device of the present invention 
can also be applied to a case Where another supply voltage 
With an alloWable voltage range is outputted and can also be 
used in other electronic equipments. 

[0049] Moreover, the present invention is not limited to 
the above embodiment. Various design modi?cations are 
possible Within the scope of the items appearing in the 
claims. For example, it is understood that speci?c voltage 
values such as the poWer supply voltage for termination 
(VTT) and reference voltage (VREF) mentioned in the 
embodiment can be optionally chosen to suit the respective 
electronic equipments. 

[0050] While preferred embodiments of the present inven 
tion have been described above, it is to be understood that 
variations and modi?cations Will be apparent to those skilled 
in the art Without departing the scope and spirit of the 
present invention. The scope of the present invention, there 
fore, is to be determined solely by the folloWing claims. 

1-4. (canceled) 
5. A poWer supply device that outputs an output supply 

voltage from an output terminal, comprising: 

a reference voltage generation circuit for generating a 
reference voltage; 

a ?rst NMOS-type transistor, the drain of Which is con 
nected to an input poWer supply that supplies poWer to 
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the output terminal, and the source of Which is con 
nected to the output terminal; 

a second NMOS-type transistor, the drain of Which is 
connected to the output terminal, and the source of 
Which is connected to ground potential; and 

?rst and second differential ampli?er circuits to Which the 
output supply voltage is inputted as feedback and 
Which control the ?rst and second NMOS-type transis 
tors by comparing the output supply voltage With the 
reference voltage inputted by the reference voltage 
generation circuit, Wherein 

the ?rst and second differential ampli?er circuits provide 
an input offset voltage betWeen the inputted reference 
voltage and the inputted output supply voltage in order 
to provide the output supply voltage With a voltage 
range in Which the ?rst and second NMOS-type tran 
sistors are both OFF. 

6. The poWer supply device according to claim 5, Wherein 
the input poWer supply of the ?rst differential ampli?er 
circuit is a higher voltage than that of the input poWer supply 
that supplies poWer to the output terminal. 

7. An electronic equipment comprising the poWer supply 
device according to claim 5, a memory device, and a 
controller, Wherein 

the memory device and controller are connected by at 
least one signal line via a ?rst resistor, and 

the output terminal of the poWer supply device is con 
nected to the memory device side of the signal line via 
a second resistor as a poWer supply for termination. 

8. A poWer supply device that outputs an output supply 
voltage from an output terminal, comprising: 

a reference voltage generation circuit that generates an 
upper reference voltage and a loWer reference voltage; 

a ?rst NMOS-type transistor, the drain of Which is con 
nected to an input poWer supply that supplies poWer to 
the output terminal, and the source of Which is con 
nected to the output terminal; 

a second NMOS-type transistor, the drain of Which is 
connected to the output terminal, and the source of 
Which is connected to ground potential; 

a ?rst differential ampli?er circuit to Which the output 
supply voltage is inputted as feedback and Which 
controls the ?rst NMOS-type transistor by comparing 
the output supply voltage With the loWer reference 
voltage; and 

a second differential ampli?er circuit to Which the output 
supply voltage is inputted as feedback and Which 
controls the second NMOS-type transistor by compar 
ing the output supply voltage With the upper reference 
voltage, Wherein 

the output supply voltage is provided With a voltage 
range in Which the ?rst and second NMOS-type 
transistors are both OFF. 

9. The poWer supply device according to claim 8, Wherein 
the input poWer supply of the ?rst differential ampli?er 
circuit is a higher voltage than that of the input poWer supply 
that supplies poWer to the output terminal. 
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10.Anelectronic equipment comprising the power supply the output terminal of the power supply device is con 
deViCe according to Claim 8, a memory device, and a nected to the memory device side of the signal line via 
Controller, Whereln a second resistor as a poWer supply for termination. 

the memory device and controller are connected by at 
least one signal line via a ?rst resistor, and * * * * * 


